We have studied the taxonomic position of a phenetically unique group of eight strains of the genus Acinetobacter which were isolated from soil and water samples collected in protected landscape areas in the Czech Republic. Each of the comparative sequence analyses of the 16S rRNA, gyrB and rpoB genes showed that the eight strains formed a cohesive and tight cluster (intracluster sequence identities of $99.9 %, $98.5 % and $97.7 %, respectively), which was clearly separated from all hitherto known species of the genus Acinetobacter (j98.6 %, j84.5 % and j89.3 %, respectively). Congruent with these findings were the results of comparative sequence analysis of three additional housekeeping genes (gltA, pyrG and recA). This genotypic distinctness was mirrored by the uniqueness of the combination of a number of independent phenotypic markers including the whole-cell spectra produced by matrix-assisted laser desorption ionization time-of-flight (MALDI-ToF) MS and physiological and metabolic features. The most useful phenotypic features to differentiate the eight strains from all known species of the genus Acinetobacter were the ability to assimilate tricarballylate and the inability to grow at 35 8C or to assimilate ethanol or L-histidine. We conclude that the eight strains represent a novel environmental species for which the name Acinetobacter albensis sp. nov. is proposed. The type strain is ANC 4874 T (5CCUG 67281 T 5CCM 8611 T ).
As of July 2015, the formal classification of the genus Acinetobacter comprises 41 validly published species names (http://www.bacterio.net/a/acinetobacter.html; Krizova et al. 2015) including at least one pair of synonyms (Touchon et al. 2014) . Moreover, previous studies proposed several genomic species which have not gained formal recognition in nomenclature yet (Bouvet & Grimont, 1986; Bouvet & Jeanjean, 1989; Tjernberg & Ursing, 1989; Touchon et al., 2014) . Although the diversity at the species level among human Acinetobacter isolates seems to be sufficiently covered by this classification, the taxonomy of the genus in non-human environments still awaits systematic investigation. To this end, we have conducted a large-scale, prospective study focused on the taxonomic diversity of culturable strains from natural soil and water ecosystems in the Czech Republic . In the course of this exploration, we have uncovered a phenetically cohesive and tight group of eight Acinetobacter strains which was clearly distinct from all known species and taxa of the genus. The aim of the present study was to assess the taxonomic position and properties of these strains using a set of taxonomic methods relevant to the genus Acinetobacter.
The origin of the eight novel strains is summarized in Table 1 . The strains were isolated from environmental samples using enrichment technique in a minimal mineral medium supplemented with 0.1 % (w/v) sodium acetate as described previously . The sampling sites comprised different well-protected landscape areas in the Czech Republic (Table 1) with altitudes between 188 and 585 m above mean sea level. The samples included soil, mud or water with organic residues from deciduous or mixed temperate forests, and a limestone rock from a cave. The distinctness of the isolates at the strain level was Abbreviation: MALDI-ToF, matrix-assisted laser desorption ionization time-of-flight.
The GenBank/EMBL/DDBJ accession numbers for the 16S rRNA gene, gyrB and rpoB sequences of strains of Acinetobacter albensis sp. nov. determined in this study are KR611794-KR611801, KR611802-KR611809 and KR611810-KR611817, respectively; see Fig. 1 confirmed by macrorestriction analysis of genomic DNA ( Fig. S1 , available in the online Supplementary Material). For genus-wide, comparative phenotypic and genotypic analyses, we included the representatives of all species with published names and those of hitherto known genomic/provisional species. The only exceptions omitted from the present study were Acinetobacter grimontii, a later synonym of Acinetobacter junii (Touchon et al., 2014) , and Acinetobacter pakistanensis KCTC 42081 T , which has appeared to be congruent with Acinetobacter bohemicus (Nemec & Krizova, unpublished results) .
The 16S rRNA gene sequences of the eight strains were obtained using external PCR and sequencing primers Ac8-F (59-AGAGTTTGATCCTGGCTCAG-39) and Ac1542-R (59-AGGAGGTGATCCAGCCGCA-39) and internal sequencing primers Ac703-F (59-CTGGAGGAATACCGATGGCG-39) and Ac820-R (59-CAAAGGCCCCAACGGCTAGT-39). The external primers target the region corresponding to positions 28-1521 in the Escherichia coli numbering system (NCBI accession no. J01695.2). The resulting sequences were identical to one another except for the 440th position (A is present in the sequences of ANC 4875 and ANC 4894 and G in the other six sequences). To compare these sequences within the context of the genus, we extracted full-length 16S rRNA gene sequences from the available whole-genome sequences of the type strains of the species with validly published names and reference strains of other tentative species. We chose this approach because of the incompleteness and incorrectness of many 16S rRNA gene sequences that were used in previous taxonomic studies (Nemec et al., 2011; Krizova & Nemec, unpublished results) . Thus, we could compare the nearly complete, high-quality 16S rRNA gene sequences of the eight strains and all known species of the genus Acinetobacter except for Acinetobacter apis, Acinetobacter gandensis and Acinetobacter guangdongensis, for which only incomplete and/or as yet unverified sequences were available. Cluster analysis was performed for a region of ,1480 bp corresponding to positions 28-1508 of the E. coli sequence (J01695.2) using the calculation parameters described previously (Nemec et al., 2011) .
As shown in Fig. S2 , the eight strains formed a distinct, well-supported cluster within the genus. The pairwise similarity values between the sequences of the eight strains and the other Acinetobacter sequences were in the range of 95.6 % (A. gandensis ANC 4275 T , Acinetobacter qingfengensis 2BJ1 T ) to 98.6 % (Acinetobacter harbinensis HITLi 7 T ). Notably, these values are just below that of 98.65 %, which was proposed by Kim et al. (2014) as the threshold to differentiate between prokaryotic species. A prerequisite for the applicability of such a threshold is the finest quality of nearly complete 16S rRNA gene sequences, which is almost fully guaranteed in the present study.
The taxonomic position of the eight strains within the genus Acinetobacter was further assessed using the comparative sequence analysis of the RNA polymerase b-subunit (rpoB) gene, which is currently the best studied single gene taxonomic and phylogenetic marker for the genus Acinetobacter. Similarity calculations and cluster analysis were performed for an 861 bp segment which corresponds to nucleotide positions 2915-3775 of the rpoB coding region of Acinetobacter baumannii CIP 70.34 T (NCBI accession no. APRG00000000.1; Nemec et al., 2009 Nemec et al., , 2011 . As shown in Fig. 1(a) , the rpoB sequences of all the eight strains formed a tight, strongly supported cluster distantly placed from the representatives of all known species and taxa. The similarity values (percentages of identical nucleotides in homologous positions) between the eight strains were $97.7 %, whereas similarities between these strains and the other members of the genus ranged from 75.8 (A. qingfengensis 2BJ1 T ) to 89.3 % (A. gandensis ANC 4275 T ). In the light of the interand intra-species similarity values (76.8-95.9 % and $97.6 %, respectively) reported for this sequence in our previous studies (Nemec et al., 2009 (Nemec et al., , 2015 Krizova et al., 2014 Krizova et al., , 2015 , these results support the species status of the eight strains. The coherence and distinctness of the rpoB sequences of these strains appeared also at the protein level. The deduced 286-amino acid sequences were identical in all eight strains and differed from those of the other members of the genus in 10 (Acinetobacter schindleri NIPH 1034 T ) up to 49 (A. qingfengensis 2BJ1 T ) positions. To check the genotypic nearness of the eight strains and their separation from the other members of the genus, we carried out comparative analysis of the partial sequences of the DNA gyrase subunit B (gyrB) gene . For PCR amplification and sequencing, we used a novel pair of primers (gyrB-F-AB: 59-TTTTGCACGCAGG CGGTAAGTT-39 and gyrB-R-AL: 59-CGCCTGCATTTTA CGGTTACG-39), which target the region between positions 354 and 1344 of the gyrB coding sequence of A. baumannii CIP 70.34 T . The gyrB sequences obtained were compared with those of all species/taxa included in the 16S rRNA gene and rpoB analyses except for A. gandensis and A. apis, for which gyrB sequences were unavailable ( Fig. 1b) . Similarity calculations and cluster analysis were carried out for an 876/879 bp region corresponding to positions 391-1266 of A. baumannii CIP 70.34 T . The similarity values between the eight strains were 98.5-99.5 % in contrast to the range of 75.5 % (Acinetobacter boissieri SAP 284.1 T ) to 84.5 % (Acinetobacter bohemicus ANC 3994 T ) seen between these strains and the known species/taxa of the genus Acinetobacter. Unlike the vast majority of the other sequences listed in Fig.  1(b) , those of all the eight strains had a three-nucleotide insertion (TCA or TCT) between positions 774 and 775 of the A. baumannii sequence, which corresponds to an additional serine residue in the GyrB protein sequence. The only other sequences with an insertion at this position were observed in A. bohemicus ANC 3994 T (GTT, valine), A. harbinensis HITLi 7 T (GTG, valine) and Acinetobacter lwoffii NIPH 512 (CAG, glutamine). The 305-amino acid sequences inferred from the partial gyrB nucleotide sequences were identical in all eight strains but one (ANC 4876 with a single amino acid difference: 71ARV) and differed from the other Acinetobacter GyrB sequences in at least 15 residues (A. bohemicus ANC 3994 T ).
The taxonomic position of the new bacterial group within the genus was finally assessed using multilocus sequence analysis based on the concatenated sequences of internal portions of four protein-encoding genes (gltA, pyrG, recA and rpoB) that are part of the MLST scheme of Diancourt et al. (2010) . These genes represent distinct loci of up to 950 kb apart on the A. baumannii chromosome (Diancourt et al., 2010) . The sequences of these genes were obtained for ANC 4874 T and ANC 4876, with the latter strain having the most deviating rpoB and gyrB sequences amongst the eight strains (Fig. 1) . The results of the comparative analysis of these sequences and the sequences extracted from the whole genomes of nearly all known species of the genus Acinetobacter are depicted in supplementary Fig. S3 . Notably, the resulting phylogram showed high congruence with that based on the genus core genome (Touchon et al., 2014) at different taxonomic levels including the species rank. The similarity of the concatenated sequences of ANC 4874 T and ANC 4876 was 99.2 %, whereas similarities between these two strains and the other members of the genus ranged from 80.8 % (Acinetobacter puyangensis BQ4-1 T ) to 89.4 % (A. bohemicus ANC 3994 T ). These data are fully congruent with those obtained for the rpoB and gyrB genes and further support the distinctness of the novel group at the species level.
Whole-cell matrix-assisted laser desorption ionization time-of-flight (MALDI-ToF) MS profiling was performed using a standard extraction protocol based on extraction with acetonitrile/formic acid/water and a-cyano-4-hydroxycinnamic acid used as matrix . MALDI-ToF mass spectra measurements were carried out using an UltrafleXtreme instrument (Bruker Daltonics), operated in linear positive mode under control of the FlexControl 3.4 software. Mass spectra were processed using FlexAnalysis version 3.4 and BioTyper version 3.1 software (Bruker Daltonics). The parameters of methods used for calibration, acquisition and evaluation of the mass spectra obtained were described previously . On the basis of cluster analysis of MALDI-ToF mass spectra, the eight strains formed a distinct cluster clearly separated from the representatives of the hitherto known species/taxa of the genus Acinetobacter (Fig. 2a ). All eight strains shared 19 peaks in the range of 2.5-10.1 kDa (Fig. 2b) .
In order to assess the metabolic and physiological features of the eight strains, we used a set of strictly standardized, mostly in-house assimilation tests which was applied in virtually all our previous taxonomic studies on members of the genus Acinetobacter. Details of these procedures were given previously (Nemec et al., 2009; Krizova et al., 2014) . The properties of the eight strains were compared with those of more than 800 strains deposited in the Acinetobacter collection of the Laboratory of Bacterial Genetics, which includes representatives of all species with validly published names and a number of additional tentative species or taxonomically unique strains. Table 2 summarizes the properties of the eight strains and the reference strains of all species of the genus Acinetobacter with validly published names (except for the phenotypically unique species A. boissieri and Acinetobacter nectaris) and shows that the novel strains differed from each of the taxa listed in at least three of the characteristics, even when considering only the traits that were either clearly positive or negative in all strains of a given species. The most useful diagnostic features to identify the eight strains included their ability to assimilate tricarballylate and their inability to grow at 35 8C or to assimilate ethanol or L-histidine. The combination of these features was not revealed in any of the .800 strains of our collection. It is of note that the inability to utilize ethanol is very rarely seen in members of the genus Acinetobacter other than Acinetobacter gyllenbergii or genomic species 13-17 (Bouvet & Jeanjean, 1989; Nemec et al., 2009 ).
In conclusion, our analysis of several core gene markers suggested that the eight novel strains formed a cohesive and tight genotypic cluster, which is separated from all hitherto known taxa of the genus Acinetobacter at the species level. This genotypic distinctness is mirrored by the uniqueness of the combination of a number of independent phenotypic markers including the whole-cell spectra produced by MALDI-ToF MS and physiological and metabolic features. The available data on the origin (Table 1 ) may also suggest the existence of an ecological habitat for these organisms. Altogether, these data are congruent with the currently accepted definition of bacterial species as a group of strains that show a high degree of overall similarity and differ considerably from related strain groups with respect to many independent characteristics (Rosselló -Mora & Amann, 2001) . We therefore feel it is appropriate to propose a formal species name for this group of strains. The proposed name is Acinetobacter albensis sp. nov., which reflects the fact that most of these strains were collected in the basin of the Czech largest river, the Labe (lat. Albis). Fig. 2. (a) Dendrogram based on the MALDI-ToF mass spectra of the eight novel strains (Acinetobacter albensis sp. nov.) and the type/reference strains of other species and taxa of the genus Acinetobacter. The dendrogram was reconstructed using UPGMA. (b) Combined spectra of the eight strains with the peaks shared by all these strains indicated by molecular mass.
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On: Sat, 29 Dec 2018 15:57:07 Table 2 . Metabolic and physiological characteristics of Acinetobacter albensis sp. nov. and the species of the genus Acinetobacter with validly published names Species: 1, A. albensis sp. nov. (n58 where n is the number of strains); 2, A. apis (n51); 3, A. baumannii (n525); 4, A. baylyi (n55); 5, A. beijerinckii (n515); 6, A. bereziniae (n516); 7, A. bohemicus (n525); 8, A. bouvetii (n51); 9, A. brisouii (n51); 10, A. calcoaceticus (n511); 11, A. gandensis (n56); 12, A. gerneri (n51); 13, A. guangdongensis (n51); 14, A. guillouiae (Nemec et al., 2009 Krizova et al., 2014 Krizova et al., , 2015 . Tests were performed as described by Nemec et al. (2009) . The culture temperature was 30
8C except for temperature growth tests. Assimilation growth tests were interpreted after 6 days of culture in fluid mineral medium supplemented with 0.1 % (w/v) carbon source. Other tests were evaluated after three (haemolytic and gelatinase activities) or two (D-glucose acidification, temperature growth tests in brain-heart infusion broth) days.
+, All strains positive; 2, all strains negative; D, (mostly) doubtful or irreproducible reactions; W, (mostly) weakly positive reactions. Numbers are percentages of strains with clearly positive reactions. For strain-dependent reactions, results for type strains are given in parentheses. (2) 
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(2) 2 + 2 denitrification. Positive in the transformation assay (Juni, 1972) . Colonies on tryptic soy agar (Oxoid) after 24 h of incubation at 28 uC are 0.6-1.0 mm in diameter, greywhite, slightly opaque, circular, convex and smooth, with entire margins. Growth occurs in brain-heart infusion (Oxoid) at temperatures ranging from 15 uC to 30 uC but not at 35 uC. Acid is not produced from D-glucose. Gelatin is not hydrolysed. Haemolysis is not observed on agar media supplemented with sheep erythrocytes, although colonies are typically surrounded by a greenish discoloration of the agar. Acetate, L-aspartate, citrate (Simmons), L-glutamate, DL-lactate, malonate and tricarballylate are utilized as sole sources of carbon, with growth visible within six (mostly two) days of culture at 30 uC. No growth occurs on trans-aconitate, b-alanine, 4-aminobutyrate, L-arabinose, L-arginine, 2,3-butanediol, citraconate, ethanol, D-gluconate, D-glucose, glutarate, histamine, L-histidine, L-leucine, levulinate, L-ornithine, phenylacetate, L-phenylalanine, putrescine, D-ribose, L-tartrate, trigonelline or tryptamine within 10 days. Various numbers of strains utilize adipate, azelate, benzoate, gentisate, 4-hydroxybenzoate and D-malate.
The type strain is ANC 4874 T (5CCUG 67281 T 5CCM 8611 T ), isolated from a pool in a deciduous forest in the natural reserve Mydlovarský luh located on the bank of the river Labe (Czech Republic, GPS coordinates: 50.1765697u N 14.9253897u E) in May 2014. This strain assimilates adipate, azelate, benzoate, gentisate and 4hydroxybenzoate. Its growth on D-malate is visible between the 6th and 10th day of culture. The GenBank/EMBL/ DDBJ accession numbers for the partial 16S rRNA gene, gyrB and rpoB sequences of ANC 4874 T are KR611798, KR611806 and KR611814, respectively.
